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CONTEXT Resources for medical education are
becoming more constrained, whereas accountability
in medical education is increasing. In this
constrictive environment, medical schools need to
consider and justify their selection procedures in
terms of costs and benefits. To date, there have been
no studies focusing on this aspect of selection.
OBJECTIVES We aimed to examine and compare
the costs and benefits of two different approaches
to admission into medical school: a tailored,
multimethod selection process versus a lottery
procedure. Our goal was to assess the relative
effectiveness of each approach and to compare
these in terms of benefits and costs from the
perspective of the medical school.
METHODS The study was conducted at Maastricht
University Medical School, at which the selection
process and a weighted lottery procedure ran in
parallel for 3 years (2011–2013). The costs and
benefits of the selection process were compared with
those of the lottery procedure over three student
cohorts throughout the Bachelor’s programme. The
extra costs of selection represented the monetary
investment of the medical school in conducting the
selection procedure; the benefits were derived from
the increase in income generated by the prevention
of dropout and the reductions in extra costs
facilitated by decreases in the repetition of blocks and
objective structured clinical examinations.
RESULTS The tailor-made selection procedure cost
about €139 000 when extrapolated to a full cohort of
students (n = 286). The lottery procedure came with
negligible costs for the medical school. However, the
average benefits of selection compared with the
lottery system added up to almost €207 000.
CONCLUSIONS This study not only shows that
conducting a cost–benefit comparison is feasible in
the context of selection for medical school, but also
that an ‘expensive’ selection process can be cost-
beneficial in comparison with an ‘inexpensive’ lottery
system. We encourage other medical schools to
examine the cost-effectiveness of their own selection
processes in relation to student outcomes in order to
extend knowledge on this important topic.
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INTRODUCTION
Medical schools throughout the world are
confronted with high numbers of applicants for a
restricted amount of places.1 Schools are required
to select the best candidates from a pool of well-
qualified applicants, many of whom also possess the
personal qualities considered desirable in a medical
student and doctor.2 Although typically three
general domains are selected for at the time of
admission (academic achievement, aptitude for
medical school or medicine and non-academic
attributes),1,2 how these are measured varies widely.
In the era of resource constraints, decreases in
public funding and simultaneous increases in
demand for accountability,3 medical schools are
under increasing pressure to justify their selection
processes in terms of costs and benefits.4–6 They
must ensure the efficient and effective use of
finances in the organisation and delivery of
education.6–9 Until now, research on selection has
mostly focused on the predictive validity of the
various selection tools.1,10
With reference to admissions procedures, the most
inexpensive process in terms of costs is probably
based on the use of either a single selection tool
referencing prior attainment (e.g. secondary school
examination results) or a weighted lottery system in
which admission chances increase in parallel with the
applicant’s pre-university grade point average (GPA).
(For more information on the weighted lottery
procedure previously used in the Netherlands, the
reader is referred to6,10–12). These are inexpensive
approaches because the required data are provided
to the medical school by external bodies at minimum
cost to the medical school. At the other end of the
spectrum, selection procedures consisting of multiple
time-intensive and costly tools are highly expensive.
For example, conducting multiple mini-interviews
(MMIs) with large numbers of applicants is an
expensive endeavour: many assessors and actors must
be present for long periods of time, rooms must be
booked and allocated, and staff and actors provided
with refreshments. Furthermore, MMIs require much
preparatory work to ensure high levels of reliability
and validity across many stations, and the logistics
and administration of organising MMIs can be
challenging.4,5,7,8
To date, cost–benefit analyses of multi-tool selection
procedures overall are scarce; to the best of our
knowledge, this area represents a gap in the
literature. At the same time, this is the focus of
much discussion in terms of policy and practice. In
the Netherlands, for example, a debate on
admissions processes is ongoing, focusing on the
question of whether the previous, relatively
inexpensive weighted lottery system should be
reintroduced to replace the current, more
expensive selection procedures.13 We add to this
debate by focusing on an economic evaluation of
medical school selection to examine what is spent
in relation to the value that is returned.9,14
The aim of the current study was to determine
whether the benefits of applying a tailor-made
selection process outweigh the costs this process
entails in comparison with a lottery procedure, from
the perspective of the medical school. To safeguard
the quality of the study, we followed the CHEERS
(Consolidated Health Economic Evaluation
Reporting Standards) statement.15,16 We define
costs as the extra costs accrued by the medical
school in applying the selection procedure over the
lottery procedure, while benefit is defined as a
combination of preventing loss of income due to
student drop-out and preventing additional future
costs accrued by poor performance (see later for
details). The ultimate goal of this study is to
contribute information for decision making on
whether to continue investing time and money in
developing and adapting selection procedures, or to
(re)introduce the inexpensive lottery procedure.
METHODS
Setting and population
We were able to examine our research question in a
naturalistic setting, specifically that of Maastricht
University Medical School (MUMS), at which a
tailor-made selection process ran in parallel with a
lottery system for 3 years.17 In this context, the costs
and benefits of the traditional admissions procedure
(i.e. the lottery procedure) could be compared with
those of a tailored selection procedure (selection is
now common practice in the Netherlands).10 Up to
and including 2010, all students were admitted to
MUMS through a national weighted lottery.
Thereafter, the admission process was gradually
changed from the lottery procedure to a selection
process for all students from 2014 onwards. Thus,
for 3 years (2011–2013) an outcome-based selection
procedure ran in parallel with the lottery. In the
first year, 111 of 286 of students were admitted
through this selection procedure. This number
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increased to 141 in 2012 and 149 in 2013. The
selection ratios in these years were 6.6, 5.9 and 5.3
applicants per available study place, respectively.
The remaining study places were filled through the
national weighted lottery procedure. As a result, the
cohorts of 2011, 2012 and 2013 consisted of
combinations of selected students and students who
entered via the lottery. The latter group was
composed of students rejected in the selection
process who then successfully entered through the
lottery procedure, and students who participated in
the lottery procedure only. In this study, the costs
and benefits related to selected students (S, n = 401
in total) and those related to students who entered
through the lottery only (L, n = 185) were
determined for all three cohorts. A comparison of
both groups (S and L) on pre-university GPA
revealed no difference.
In the Netherlands, medical school is divided into
two 3-year phases: the Bachelor’s programme, and
the Master’s programme. In the Bachelor’s
programme, education is mostly university-based
and pre-clinical. The Master’s programme is clinical
and primarily workplace-based. In this study, we
focused on the Bachelor’s programme at MUMS, in
which a problem-based learning (PBL) curriculum
was offered.
Perspective and time horizon
The current study was conducted from the
perspective of the medical school; all costs and
benefits were therefore determined within the
context of the medical school. The time span in the
current study is the Bachelor’s programme in
medicine (3 years) for three cohorts of students
(starting in 2011, 2012 and 2013). All costs and
benefits were analysed in the first quarter of 2018.
Selection procedure
The selection procedure applied at MUMS
consisted of two rounds, both assessing the
CanMEDS competencies set forward by Frank in
2005.18 In the first round, applicants completed an
online portfolio. This contained information on
their previous academic attainment (e.g. pre-
university GPA), distinguishing abilities gained in
extracurricular activities (e.g. relating to the roles of
communicator or collaborator), reasoning behind
choosing MUMS and their knowledge of and self-
perceived suitability for PBL. Applicants were
ranked based on their scores on the portfolio, and
the highest ranking applicants (twice the number of
available study places) were invited to the second
round – a selection day at MUMS. During this
selection day, two different assessment tools were
used: a video-based situational judgement test (V-
SJT), consisting of eight to 10 short video clips with
corresponding questions, and a written aptitude
test. Both tools focused on talent for the whole set
of competencies, mostly pertaining to a real-life
medical student or doctor setting. Finally, applicants
were ranked using their mean Z-scores on all
assignments and the highest ranking students were
offered places on the programme.
Rejected applicants and those who chose not to
participate in the selection procedure at all could
participate in the national weighted lottery
procedure. Weighting was based on the applicant’s
pre-university GPA.
Costs of admission procedures
To delineate the costs of both admission procedures
from the medical school’s perspective, two types of
cost were distinguished: fixed costs and variable
costs (Fig. 1). Fixed costs are the costs accrued by
the admissions process independent of the number
of applicants, such as the costs of the staff hours
required to develop the assignments. Variable costs
are the costs directly related to the number of
applicants, such as the costs of the staff hours
required to evaluate assignments and to provide
surveillance throughout the selection day. Both
types of cost were expressed as the number of hours
allocated to both scientific and support staff
(converted to monetary costs) and remaining costs
(e.g. costs of external staff for video-editing and test
layout) were also included. Variable costs were
extrapolated to costs for a full cohort using the data
for the cohorts of 2011–2013.
Economic benefits derived from selection
The expected monetary benefits of selection can be
divided roughly into two types: (i) an increase in
net income because fewer students leave the
programme without graduating, and (ii) a decrease
in the costs of remediation and resits because fewer
students fail examinations (Fig. 1).13,19 With respect
to the first type of benefit, it is important to note
that the education of medical students in the
Netherlands is funded by the government; payments
are received for each registered year, with a
maximum of 3 years for the Bachelor’s programme,
as well as for graduation. This results in a yearly
payment per student to the medical school. As soon
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as a student drops out, MUMS no longer receives
these yearly payments for this student; at the same
time, money is saved because the student no longer
participates in educational activities.
Secondly, poor performance of students results in
study delay and extra costs for remediation and
resits of failed blocks and assessments. The PBL
Bachelor’s curriculum at MUMS consists of two 4-
week and four 8-week blocks in Years 1 and 2, and
of four 10-week blocks in Year 3. In these thematic
blocks, educational activities such as skills trainings,
practical sessions, and simulated and authentic
patient contacts are organised alongside tutorial
group meetings. Assessment of students is either
theoretical (block examinations and progress tests)
or related to attitude and all kinds of skills (e.g. in
objective structured clinical examinations [OSCEs],
of which there is one per year).
When a student failed a block (of 4, 8 or 10 weeks),
he or she was required either to follow the whole
block again, which carried considerable costs for
the medical school, or to resit the examination
only, for which the expenses were negligible. The
only single assessment causing significant additional
costs per student was the OSCE.20 Repetitions of
other parts of the assessment programme (e.g. the
progress test) caused negligible expenditures. Other
costs related to poor performance, such as the costs
of providing extra guidance to support individual,
poorly performing students in completing their
studies, were not available for ethical reasons and
were therefore not included in the current analysis.
Cost–benefit analysis
In the current article, cost–benefit analysis is
defined as the investigation of whether selection is
‘good value’ when its costs are compared with its
monetary benefits.3,21 Firstly, the costs of admission
procedures were determined by sorting out both
the fixed and variable costs of the lottery and
selection methods, and extrapolating the variable
costs to an entire cohort of 286 students. Hereafter,
the benefits of selection over lottery were assessed
by determining the average frequencies of dropout
and repetition per year in each of the two student
groups (S and L). The benefit attained was then
calculated by extrapolating these frequencies to an
entire cohort of either S or L students.
RESULTS
Costs of the admission procedures
The costs of the national weighted lottery for the
medical school itself were close to zero. An
administration office within the university
determined whether applicants fulfilled all legal
requirements for all admission procedures,
including the lottery. The selection procedure, by
contrast, came with considerable fixed and variable
Figure 1 The different kinds of costs and benefits of a selection procedure and their sources. OSCE = objective structured
clinical examination
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costs. The fixed costs comprised staff hours for
setting up the selection procedure, producing
content for the selection procedure, and providing
information on the selection procedure. The
variable costs were costs related to, for example, the
grading of assignments, as well as costs for
provisions such as equipment, materials and
facilities, all of which increase with the number of
students applying. Both scientific and support staff
were involved in the procedure; average salary costs
were €90 000 per full-time-equivalent (FTE; i.e.
1650 hours per year) for scientific staff and €52 000
per FTE for support staff. These costs include on-
costs such as employed pension contributions and
payroll tax.
On average, 134 students entered MUMS through
selection per year in the three cohorts under study.
As Table 1 shows, the average fixed costs per year
represented 0.51 FTE scientific staff (€45 900) and
0.50 FTE support staff (€26 000), and a further
amount of fixed costs, such as for video-editing
(€5800). These fixed costs were unrelated to the
number of applicants involved. The average variable
quantity amounted to 0.13 FTE for scientific staff
and 0.18 FTE for support staff per year.
Extrapolation of these variable costs to an entire
cohort of 286 students results in sums of 0.28 FTE
for scientific staff (€25 200) and 0.38 FTE for
support staff (€19 760). The average costs of
remaining provisions per year were €7600, which
extrapolates to €16 220 for a full cohort of students.
Taken together, this means that whereas the
average cost of selecting 134 students at MUMS was
approximately €106 360 per year, the application of
the current selection procedure to an entire cohort
of 286 students would have resulted in an average
cost of €138 880.
Economic benefits because of selection
The medical school received an average payment
from the hosting faculty of about €10 000 per
registered student per year; this payment represents
compensation for the educational activities provided
by the medical school staff. The total cost of
educating a medical student exceeds this amount by
far; the additional overhead and more generic
educational costs were paid to and covered by the
faculty and the university (e.g. infrastructure,
information technology, library, service centre and
management costs and clinical workplace-based
costs). The payment of a fixed amount of money
per year means that if a student drops out in
Year 1, the payments for the second and third years
are missed (i.e. €20 000). For dropout during
Year 2, MUMS misses out on €10 000. If students
drop out in Year 3 or later, this no longer affects
MUMS’ budget for educational activities during the
Bachelor’s programme. However, it should be noted
that when a student drops out, the medical school
no longer has to provide this student’s education.
The majority of the costs of education do not
change with a slight decrease in the number of
students (e.g. course development and lectures).
Nevertheless, a small portion of the costs of
education will decline with a slight reduction in the
amount of students; this aggregates to an estimated
€2260 per student per year (four 8- and two 4-week
blocks and an OSCE in Year 2, and four 10-week
blocks and an OSCE in Year 3; these costs will be
specified later in this paper). Therefore, preventing
Table 1 Average yearly costs of the selection procedure at Maastricht University Medical School in the years 2011–2013, extrapolated
to a full cohort
Scientific staff Support staff Remaining costs Total
Fixed
FTE 0.51 0.50 1.01
Costs €45 900 €26 000 €5800 €77 700
Variable
Extrapolated FTEs, full cohort 0.28 0.38 0.65
Extrapolated costs, full cohort €25 200 €19 760 €16 220 €61 180
Total costs, full cohort €71 100 €45 760 €22 020 €138 880
FTE = full-time-equivalent (1650 hours per year; €90 000 for scientific staff, €52 000 for support staff).
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dropout in Years 1 and 2 increases the medical
school’s net income by about €15 480 and €7740
per student, respectively. As Table 2 shows, a higher
percentage of lottery-admitted than selected
students dropped out in Year 1; when extrapolated
to full cohorts, 20 lottery-admitted students and
seven selected students may be expected to drop
out in Year 1. In Year 2, two selected students
versus one lottery-admitted student may be expected
to drop out. In monetary terms, a lottery-admitted
cohort would cause a loss of income to the school
of €317 340, whereas a selection-admitted cohort
would cause a loss of income of €123 840.
Therefore, the reduction in dropout facilitated by
selection would increase the average income for a
cohort over the entire Bachelor’s programme by
€193 500.
When students failed a block examination and were
required to retake the entire block, the amount of
staff hours needed for teaching increased. This led
to additional costs of €220, €445 and €555 per
student for 4-, 8- and 10-week blocks, respectively.
The data in Table 2 show that lottery-admitted
students were required to retake all three types of
block more often than selected students. Hence,
when extrapolated to full cohorts, a lottery-admitted
cohort would be required to repeat these blocks
more often than a selection-admitted cohort. As a
result, the average total costs of the repetition of
blocks over the entire Bachelor’s programme for
one cohort would be €11 645 lower in a full cohort
of selected students.
The OSCE is an individual test in which all costs
(i.e. assessors [scientific staff], simulated patients
and provisions) increase with each student. The
mean total cost of an OSCE was €40 per student. As
Table 2 shows, an entirely lottery-admitted cohort
would be required to complete 122 OSCE resits
throughout the Bachelor’s programme (€4880),
whereas a full cohort of selected students would
need 82 resits (€3280). This results in a difference
in costs of €1600.
Combining all of these data shows that an average
full cohort of selected students would be less
expensive in terms of dropout and need to repeat
Table 2 Average yearly benefits of the selection procedure versus the national weighted lottery procedure at Maastricht University
Medical School
Selected Lottery Selected Lottery Difference (L  S) Gains* Total gains
of selectionAverage per
cohort, %
Extrapolated number of students per
full cohort†
Gains per
student
Dropout in Year 1 2.5 7.0 7 20 13 €15 480 €201 240
Dropout in Year 2 0.7 0.5 2 1 1 €7740 €7740
Average per
cohort, %
Extrapolated number of repetitions
per full cohort
Gains per repetition
avoided
Repetitions of 4-week blocks 2.4 3.5 27 40 13 €220 €2860
Repetitions of 8-week blocks 3.2 3.9 73 89 16 €445 €7120
Repetitions of 10-week blocks 0.9 1.1 10 13 3 €555 €1665
Resits of OSCEs 9.6 14.2 82 122 40 €40 €1600
Total €206 745
* Gains can be: (i) an increase in income because the amount of dropout is decreased, or (ii) savings for the medical school because
blocks or assessments (OSCEs) are repeated less often.
† A full cohort consists of 286 students; data from the combined cohorts of 2011–2013 (401 selected students and 185 students
admitted through lottery only) were extrapolated to a full cohort of selected or lottery-admitted students during the entire Bachelor’s
programme. Without repetitions, a full cohort of students (n = 286) represents 4 9 286 = 1144 4-week blocks, 8 9 286 = 2288 8-week
blocks, 4 9 286 = 1144 10-week blocks and 3 9 286 = 858 OSCE-participations during the Bachelor’s programme.
OSCE = objective structured clinical examination.
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blocks and OSCEs than an average full cohort of
lottery-admitted students (Table 2). This benefit
adds up to a total of €206 745. Because the yearly
costs of the selection procedure applied for these
cohorts were €138 880, the applied selection
procedure appears to be cost-beneficial.
DISCUSSION
We compared the costs and benefits of a tailor-
made selection procedure at one medical school
with those of a weighted lottery system. The cost–
benefit analysis indicates that, from the perspective
of the medical school, the benefits of this selection
procedure outweigh its costs, compared to the costs
and benefits of the lottery system. This result is
attributable to lower rates of dropout and failure in
selected students than in lottery-admitted students.
The selection procedure under study was more
expensive than the lottery procedure. In the 3 years
under investigation, the average cost of selecting
almost half of the students at MUMS was
approximately €106 000 per year. When we
extrapolate this to a context in which all students in
a cohort are admitted through selection (i.e.
without a lottery entry stream), the total costs per
year emerge at approximately €139 000.
Although the calculation of costs is relatively simple,
estimating the monetary benefits of selection over
lottery is more complex. We divided the benefits of
selection into two types of gain: (i) a decrease in
the number of students dropping out and a
consequent increase in net income for the medical
school, and (ii) a decrease in the amount of
repeated courses and examinations, and a
consequent decrease in extra costs to the medical
school (which are not reimbursed by government
funding). To do this, we calculated the average
numbers of selected and lottery-admitted students
who dropped out and repeated blocks and OSCEs
in the years under study. These average numbers
were then extrapolated to a complete selection-
admitted cohort and referenced against the
outcomes of an entire cohort of lottery-admitted
students. This comparison indicated that shifting
completely to selection would provide a total
benefit of almost €207 000. It is important to note
that this is a conservative estimate of the benefits as
we did not calculate the costs of providing extra
support for underperforming students or additional
administrative costs; both are difficult to estimate
and data on underperforming students are not
available for ethical reasons.
When we examine the costs (~ €139 000) and
benefits (~ €207 000) of the selection procedure
under study, we can conclude that the selection
procedure is cost-effective to the tune of about
€68 000 per cohort compared with the lottery. This
implies that even a relatively complex and time-
consuming selection procedure can be cost-
beneficial if it has predictive value in terms of
performance throughout the Bachelor’s programme
of medical school (Schreurs et al. ‘Selection into
medicine: the predictive validity of an outcome-
based procedure’; unpublished study 2018).
It is important, however, to bear in mind that the
extrapolation to a full cohort of 286 students was
conducted based on data from a total number of 401
selected and 185 lottery-admitted students in three
cohorts. Our assumption was that the performance of
the hypothetical students who would be added to
these actual groups to obtain full cohorts of students
would be equal to that of the students in the
respective actual groups. We do not know if this
would be the case. That the sample of selected
students is representative of an entire cohort is
supported by the fact that dropout remained as low
as in our extrapolation in the years during which
MUMS proceeded to select the entire cohort
(cohorts of 2014 and later). To support our
extrapolation further, we determined that there was
no significant difference in any of the current
outcomes between students who performed in the
top 10% and those who performed in the bottom
10% of the selection procedure. This suggests that an
entire cohort of selected students would be likely to
perform as well as the selected students in the
current study. Whether the lottery-admitted students
in the current study are representative of a full
cohort of lottery-admitted students is questionable.
However, we could not carry out a retrospective
comparison because the Bachelor’s curriculum was
completely revised in 2011. We looked to see what
would happen if the full lottery-admitted cohort were
to consist of the 185 actual lottery-admitted students
used in the current study, supplemented with a
hypothetical 50 : 50 mixture of students admitted
through selection and lottery, respectively. In this
rather conservative hypothesis, the selection
procedure would still be cost-effective (the benefits
would still outweigh the costs by more than €42 000).
In reality, the true gain is likely to be much closer to
the extrapolation based on a full extrapolation of
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both groups, as students are recruited from a large
pool.
Although the current study provides important
insights, many questions relating to cost-effectiveness
remain unanswered. These include questions of the
effect on cost-effectiveness of: (i) other perspectives;
(ii) different combinations of selection tools, and
(iii) different weightings of selection tools. We
focused on the medical school perspective. However,
the perspectives of other stakeholders, such as
students, patients and society, are at least equally
important,19 and merit study. For example, from a
societal perspective, the biggest gain from selection
would be an increase in the quality of future doctors,
which also increases cost-effectiveness. Secondly,
different universities use different ways of selecting
their students.1 This makes it nearly impossible to
conduct a study that would be easily generalisable to
other contexts. However, the broad combination of
pre-university GPA with an aptitude test and a tool
focused on (inter)personal skills is relatively
common.4 It is also important to examine with more
granularity which specific features of a selection
procedure make it cost-effective.13 What do the
different tools cost, and what is their contribution to
the predictive value of the procedure as a whole? This
may help to create a selection procedure that is as
‘lean’ as it possibly can be. Lastly, cost-effectiveness
analyses can be used as outcomes to optimise the
weighting of different tools or assessed features
within the selection procedure. Weighting of
different tools and features has been previously
proposed as a new field of research,2,8,10,22 but may
be well combined with the more granular
understanding of costs and effectiveness within
selection. Finding an optimal weighting of the tools
and content within the selection procedure may
result in better prediction and, in turn, a more cost-
efficient selection procedure.
Like all research, the current study has limitations.
We conducted the study in a single medical school.
As we have noted, medical school selection
processes vary and so it is difficult to compare
across contexts. Secondly, we focused on the
Bachelor’s programme of medical school only and
limited the analysis to outcomes that were predicted
to have high monetary impact18. We may have
underestimated the cost benefits of the selection
procedure given that dropout at any point on the
Bachelor’s programme also affects incomes in the
Master’s programme. The follow-up of our three
cohorts as they progress through the later part of
their medical degree is underway. Lastly, not all
points on the CHEERS checklist were relevant to
the current study (e.g. health outcomes and
discount rates).15,16 A strength of the current study
is its use of three year groups, which controls for
possible cohort effects.
We responded to Patterson et al.’s conclusion1 that
very little research has explored the relative cost-
effectiveness of medical selection methods by
carrying out a cost–benefit comparison of a tailor-
made medical school selection procedure with a
lottery system. The knowledge to be derived from
this kind of cost–benefit analysis can help relevant
stakeholders determine the optimal use of
resources when planning selection, and can help
to inform decision making about resource
allocation. Furthermore, in contexts in which there
is debate as to whether or not anything more than
GPA or a lottery are needed at all in medical
selection, our study provides important
intelligence.
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